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METHOD FOR LOCATING To that end , the invention relates to a location method of 
ELECTROMAGNETIC PULSE EMISSION the aforementioned type , wherein the method further com 

SOURCES IN AN ENVIRONMENT prises the following steps : 
INCLUDING REFLECTORS identification , among the received pulses , of the pulses 

5 received directly and the pulses received by reflection , 
The present invention relates to a method for locating at grouping by pairs of pulses received directly with pulses 

least two sources emitting electromagnetic pulses in an received by reflection , the pulses of each pair having the 
environment , the environment comprising at least two same invariant characteristics and different directions of 
reflectors , the method comprising the following steps : arrival , 

receiving , by a detector , for each source to be located , for calculating , for each pair , the difference between the date 
of arrival of the pulse received by reflection relative to the an operating duration of the detector , at least one same date of arrival of the pulse received directly , and emitted pulse , received on the one hand directly from said determining the distance of each source from the detector source and received on the other hand by reflection on one from calculated differences in dates of arrival and from the 

of the reflectors , 15 directions of arrival of the pulses of each pair . measuring the arrival direction , the arrival date and at According to specific embodiments , the location method 
least one invariant characteristic of each received pulse . comprises one or more of the following features , considered The location of a source consists of determining the alone or according to any technically possible combinations : 
direction and distance of the source relative to a reference the operating duration is made up of time brackets with 
point . Such a location is generally based on a multi - offset 20 identical durations , the method comprising defining a sliding 
principle consisting of observing the source from different duration at least equal to the duration of a time bracket , the 
angles . identification and grouping steps being carried out over a 

To locate a source , one known method , using the principle sliding duration , the pulses of each pair belonging to a same 
of triangulation , consists of measuring the direction of time bracket . 
arrival of the pulses emitted by the source using several 25 the method further comprises , for each time bracket , a 
detectors , delocalized from one another . Triangulation is a step for sorting the received pulses based on the direction of 
technique making it possible to determine the position of a arrival and on the invariant characteristics of each pulse to 
point by measuring the angles between this point and other obtain sub - series of pulses , the pulses of each sub - series 
reference points whose position is known . having equal directions of arrival and equal invariant char 
However , such a method requires using a network of 30 acteristics , the pulses of each sub - series being grouped 

detectors , and therefore necessarily a coordination system together in a same pair during the grouping step . 
for the detectors of the network , which , aside from the cost the measuring step further comprises the determination , 

on the successive sub - series of each sliding on , of the related to the number of detectors , rules out the possibility maximum power from among the powers of the pulses of the of working with a single detector . 35 sub - series having equal directions of arrival , equal invariant A location method has also been developed consisting of characteristics and belonging to a same sliding duration , the arranging a single detector on a carrier having a relatively pulses received directly and the pulses received by reflection 
high movement speed with respect to the source to be being identified , for each sub - series of pulses , by comparing 
located . Such a relative movement makes it possible to the maximum power determined for said sub - series to at 
obtain a set of arrival directions over time , the meeting point 40 least two thresholds . 
of which is where the source is located . the pulses of the sub - series associated with said maximum 
However , obtaining a relative movement requires a par- power are identified as received directly when the maximum 

ticularly swift carrier relative to the sources to be located , power is greater than or equal to a first threshold and the 
which makes the method unsuitable in the case of a moving pulses of the sub - series associated with said maximum 

45 power are identified as received by reflection when the 
Another known method is based on measuring differences maximum power is strictly below a second threshold , the 

in passage times of antenna beams ( DPTAB ) . second threshold being less than or equal to the first thresh 
Nevertheless , such measurements assume knowledge of old . 

the rotation speed of the antenna beam and therefore the the determination step comprises gathering pairs over 
performance of circular sweeping , which involves a rela- 50 predetermined durations to form groups of two pairs , three 
tively slow acquisition . pairs or four pairs , the number of pairs per group being equal 

It is also known to use the time difference of arrival to the number of different directions of arrival corresponding 
( abbreviated TDOA ) of a same signal arriving at two dif- to the pulses received over the predetermined duration , the 
ferent reception points to locate a source . Such a time distance from each source to the detector being determined 
difference makes it possible to determine the geometric 55 from differences in dates of arrival calculated for the pairs of 
place where the source is located . each group and directions arrival of the pulses of the pairs 

However , here again , at least two detectors are necessary , 
which rules out the possibility of working with a single each group of two pairs comprising : 
detector . a first pair of pulses of invariant characteristics equal to a 

Methods combining TDOA and DPTAB measurements 60 first invariant characteristic , of different directions of 
from a single detector are also known . arrival , and 

Conversely , as previously explained , DPTAB measure- a second pair of pulses of invariant characteristics equal 
ments require circular sweeping , which is both slow and to a second invariant characteristic and with same 
uncertain . different directions of arrival , 

There is therefore a need for a method for locating sources 65 each group of three pairs comprising : 
from a single detector that is quasi - static relative to the a first pair of pulses of invariant characteristics equal to a 
sources to be located . first invariant characteristic , with directions of arrival 

source . 

of each group , 
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respectively equal to a first and second direction of for each group of four pairs of pulses , from the following 
arrival different from one another , equations : 

a second pair of pulses of invariant characteristics equal 
to the first invariant characteristic , with directions of 
arrival respectively equal to the first and a third direc- 5 .d1 AB , 15 , + 245 / E2.dz 
tion of arrival , the third direction of arrival being 245 , / E ; + 2d1 ( 1 – cos ( @ E_ $ 245,182 + 2d2 ( 1 - cos ( @ £ 25 ) ) 
different from the first and second directions of arrival , + 2A82 / E ; .d . AVE , + 245 / E2.dz and 

24 As / E1 + 2d1 ( 1 – cos ( @E ] $ 2 ) ) 24521 E2 + 2d2 ( 1 – cos ( QE2 $ 2 ) ) a third pair of pulses of invariant characteristics equal to 
a second invariant characteristic different from the first 
invariant characteristic , with directions of arrival Where 
respectively equal to the second and third directions of As , E = C . Ts , Ej : 45,5 . Ts E , A , E C. TS , Ez , A5 , E = C . arrival , 

each group of four pairs comprising : d , is the distance from the first source E , to the detector , a first pair of pulses of invariant characteristics equal to a d , is the distance from the second source E2 to the first invariant characteristic , with directions of arrival detector , respectively equal to a first and second direction of c is the propagation speed of the electromagnetic waves , arrival different from one another , 
TS / E the difference in date of arrival among the pulses a second pair of pulses of invariant characteristics equal received by reflection on a first reflector relative to the to the first invariant characteristic , with directions of pulses received directly from the first source , arrival respectively equal to the first and a third direc Tse , is the difference in date of arrival among the pulses tion of arrival , the third direction of arrival being received by reflection on a second reflector relative to different from the first and second directions of arrival , the pulses received directly from the second source , a third pair of pulses of invariant characteristics equal to is the difference in date of arrival among the pulses a second invariant characteristic different from the first received by reflection on the first reflector relative to invariant characteristic , with directions of arrival the pulses received directly from the second source , respectively equal to the third and a fourth direction of Tse , is the difference in date of arrival among the pulses arrival , the fourth direction of arrival being different received by reflection on the second reflector relative to from the first , second and third directions of arrival , and 30 the pulses received directly from the first source , a fourth pair of pulses of invariant characteristics equal to 

the second invariant characteristic , with directions of is the angular deviation between the second source dEzS2 
and the second reflector seen from the detector , arrival respectively equal to the third and fourth direc des , is the angular deviation between the first source and tions of arrival . the first reflector seen from the detector , each group makes it possible to determine the respective is the angular deviation between the second source distances of two of the sources to be located from the and the first reflector seen from the detector , and detector , said distances being calculated : is the angular deviation between the second source for each group of two pairs of pulses , from the following and the first reflector seen from the detector . equations : the determination step comprises calculating a histogram , 

40 for each pair , from differences in dates of arrival calculated 
for said pair and determining a main lag of the pulses Aš , 1E2 + 245 , 16 , .dz di = received by reflection relative to the pulses received directly 

2451 / E2 + 2d2 ( 1 - cos ( QE25? ) ) from the calculated histogram , the differences in date of 
A?z ! Ez + 2A51E 245 / 6.01 arrival of the preceding equations respectively being equal 
+ 2d? ( 1 – cos ( QE1 $ 2 ) ) 45 to one of the determined main lags . 

the invariant characteristics of each pulse comprise at 
least one of the features from among : the width of the pulse , 

for each group of three pairs of pulses , from the following the carrier frequency of the pulse and the intentional intra 
equations : pulse modulation . 

The invention also relates to a location detector for at least 
two electromagnetic pulse emission sources in an environ 

Aš , 1E1 + 245 , / € , .di 43,12 + 245 // 67.2 ment , the environment comprising at least two reflectors , the 
detector being able to carry out the steps of the method as + 2d1 ( 1 – cos ( @E ] $ ) ) 2451 / E2 + 2d2 ( 1 – cos ( @ E7s? ) ) defined above . 

Ažn ! Ei + 245,18 ; .de Other features and advantages of the invention will appear 
24s2lE ; + 2d1 ( 1 - cos ( QE¡ $ 2 ) ) upon reading the following description of embodiments of 

the invention , solely as an example and done in reference to 
the drawings , which are : 
FIG . 1 , a schematic view of one example of a source to be 

60 located , a reflector and a detector configured to locate the 
Aš , 1E2 + 2A511 € 7.dz source , 

+ 2d2 ( 1 - cos ( Q E25? ) ) FIG . 2 , a schematic view of an example of a first con 
figuration of two sources to be located and two reflectors , Aš le , + 245 / E , .. + / each source being co - located with a reflector , 

2452 / E2 + 2d1 ( 1 – cos ( QE1 $ 2 ) ) + 2d2 ( 1 – cos ( Q E2 $ 2 ) ) FIG . 3 , a schematic view of an example of a second 
configuration of two sources to be located and two reflectors , 
one of the sources being co - located with a reflector , 
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FIG . 4 , a schematic view of another example of a second zone comprises at least two sources E ; not colocalized with 
configuration of two sources to be located and two reflectors , one another , E , and E2 , and two reflectors Sx also not 
FIG . 5 , a schematic view of an example of a third colocalized with one another , S , and S2 . One or several 

configuration of two sources to be located and two reflectors , colocalizations of a source E ; with a reflector Sk are , how 
the sources not being co - located with the reflectors , ever , acceptable . Two elements are considered to be “ colo 
FIG . 6 , a schematic and functional view of the detector of calized ” when they are combined . 

FIG . 1 , and From two sources and two reflectors , there are therefore FIG . 7 , a flowchart of one example implementation of a four possible configurations . These configurations are illus method for locating sources . trated by FIGS . 2 to 5 . One general principle for implementing the invention is 10 
described hereinafter , based on FIG . 1 . In particular , FIG . 2 illustrates a first configuration in 
FIG . 1 illustrates an emission source Ej , a reflector Skand which the two sources are not colocalized and each source 

a detector R , forming the three points of a bistatic triangle is colocalized with a reflector . The first configuration of FIG . 
E , RSK . The distance E , R between the source E ; and the 2 comprises two non - degenerated bistatic triangles E , RS2 
detector R is denoted d ; in FIG . 1 and in the rest of the 15 and E2RS , and two degenerated bistatic triangles E , RS , and 
description E_RS2 . A triangle is said to be degenerated when it can be 
Each emission source E ; is for example a radar emission summarized by one segment . 

source , i.e. , a modulated electromagnetic emission source , FIGS . 3 and 4 each illustrate a second configuration in 
and more particularly pulse - modulated . Each source E ; is for which the two sources are not colocalized with one another 
example arranged at sea on ships delocalized from one 20 and a single source is colocalized with a reflector . The 
another . second configuration of FIG . 3 comprises three non - degen 
One aim of the invention is to locate said sources E ; using erated bistatic triangles E , RS1 , E , RS , and E2RS , and one 

a single radar detector R placed at a distance from the degenerated bistatic triangle E_RS2 . The second configura 
sources Ej , as illustrated by FIG . 1 . tion of FIG . 4 comprises three non - degenerated bistatic 

The radar detector R receives the signal Xe , corresponding 25 triangles E2RS2 , E , RS , and E , RS , and one degenerated 
to the pulse emitted by the source E ; directly , i.e. , after bistatic triangle E , RS 
having traveled the path E , R . This signal is characterized by FIG . 5 illustrates a third configuration in which the characteristics a Ez ? a date of arrival te , and a direction of sources and the reflectors are not colocalized with one 

measured by the detector R. another . The third configuration of FIG . 5 comprises four The radar detector R also receives the signal XsJE ; non - degenerated bistatic triangles E , RS ,, E_RS2 , E , RS and sponding to the same pulse emitted by the source E ; and E2RS , reflected on the reflector Sk , i.e. , after having traveled the 
path E , Sx + S R . This signal is characterized by characteris- The application of relationship ( 3 ) to each possible 

bistatic triangle provides four expressions : asyE ;? a date of arrival tsje ; and a direction of arrival os , 
measured by the detector R. 

Thus , for the source E ; and the reflector So the detector R 
receives the two signals : XE , ( ag , E , te ) and Xs E ; ( @DyE ; Triangle ( 4.1 ) Aš , 1E1 + 2A51 / E7.d = > SiR = 
ts , E , O ) . EiRS1 245 , 1E7 + 2d1 ( 1 – cos ( QE1 S? ) ) 

From the signals Xe ; ( ag , 0e , te , ) and Xs E ; ( as_e ; tse , s . ) , 
the detector R deduces the difference in time of arrival T. Triangle ( 4.2 ) 13,16 , + 245 / E , .d1 ? S2R = and the difference in direction of arrival CES ! between the EjRS2 24521E1 + 2d1 ( 1 - cos ( @El sz ) ) 
pulse received directly and the pulse received by reflection 
from a same emission , or therefore : Tsy / easye : -te ; and Triangle 4 / E2 + 245 // Ez.dz ( 4.3 ) 

= > SiR = CES = 08-05 E2RS1 + 2d2 ( 1 – cos ( a E25? ) ) 
The difference in paths E , Sk + S , R - d = c . Tsje is called the 45 

associated bistatic distance and is denoted AsyE ; Such an ( 4.4 ) Triangle 45 , / E , + 245 , / £ , .dz 
expression makes it possible to obtain the following expres = S2R = E2RS2 + 2d2 ( 1 – cos ( ( E2 $ 2 ) ) 
sion of the distance E , Sk between the source E ; and the 
reflector Ski 

E ; S = ASJE ; + d ; -SER ( 1 ) Expressions ( 4.1 ) to ( 4.4 ) only have a complete meaning 
for the third configuration . Indeed , the expressions relative The application of the cosine theorem to the triangle to the degenerated bistatic triangles are meaningless due to E , RS , makes it possible to write the following equation : the nil values corresponding to the measurements of the 

ESP = SR + d2-2d : SR.cos ( QES ) bistatic distance Asy / E ; ( 2 ) and the difference in angle of arrival 
between the source and the reflector de Sk . By eliminating the term E , Sk from expressions ( 1 ) and ( 2 ) , 

the following expression of the distance SzR between the In the case of the third configuration , the equality of 
reflector Sx and the detector R is obtained : expressions ( 4.1 ) and ( 4.3 ) and that of expressions ( 4.2 ) and 

( 4.4 ) , makes it possible to obtain the following equations : 

Av 1 ; + 24syvezed ; ( 3 ) 
Sk R = A3,16 , + 245,0.01 ( 5.1 ) 

+ 2d ; ( 1 – cos ( QE ; Sk ) ) SiR = 245 , E , + 2d1 ( 1 - cos ( @Ens ) 
, E2 If a single detector R is used , the resolution of the 65 245 E2 + 2d2 ( 1 - cos ( QE251 ) localization problem from direction of arrival and time of 

arrival measurements is based on the fact that the studied 
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-continued Expressions ( 7 ) and ( 8 ) then make it possible to find 
S2R = ( 5.2 ) system of equations ( 6 ) again . 

A $ 2 / E1 +2489 ! E , .41 + 245 / E3.42 A single system of equations ( 6 ) therefore makes it 
possible to extract the unknowns d , and dz , only the coef 2452/8 , +241 ( 1 – cos ( ae , $ 2 ) ) - 2482 / E2 + 2d2 ( 1 – cos ( @ £ 282 ) ) ficients bij being different from one configuration to the 
other . 

Where A single processing operation to solve system of equa 
As , e , C. Ts , e ,, Asye , = c . Ts E , A , E , C. Ts , e ,, Asye , C. tions ( 6 ) is therefore carried out by the detector R with 

10 coefficients bij depending on configurations found upon the di is the distance from the first source E , to the detector detection . R , 
d , is the distance from the second source E2 to the detector The coefficients of system ( 6 ) are expressed below as a 

function of the different configurations : 
c is the propagation speed of the electromagnetic waves , For the first configuration illustrated in FIG . 2 : Tse , is the difference in date of arrival among the pulses 15 
received by reflection on a first reflector relative to the 
pulses received directly from the first source , ( 9.1 ) 

TS / EZ is the difference in date of arrival among the pulses received by reflection on a second reflector relative to 
the pulses received directly from the second source , 

Ts / E2 is the difference in date of arrival among the pulses 
received by reflection on the first reflector relative to 614 = -2 ( 1 – cos ( QE251 ) 
the pulses received directly from the second source , 

TSE is the difference in date of arrival among the pulses 
received by reflection on the second reflector relative to ( 9.2 ) the pulses received directly from the first source , 

dEzS2 is the angular deviation between the second source 
and the second reflector seen from the detector , 

is the angular deviation between the first source and 
the first reflector seen from the detector , b24 = 2 ( 1 – cos ( QE1 S2 ) ) 

dEzS1 is the angular deviation between the second source 
and the first reflector seen from the detector , and 

is the angular deviation between the second source For the second configuration illustrated in FIG . 3 : 
and the first reflector seen from the detector . 

Expressions ( 5.1 ) and ( 5.2 ) make it possible to obtain a 
system of two equations of the following type : b11 ( 9.3 ) = 2 As , / e , - 4571E2 ( A51 / E1 - AS1 / E2 ) 

b12 = 2 45 , / E2 ( 245 , / E1 - As , / Ez ( 1 – cos ( @Eyse ) ) ) 
bu + b12.d1 + b13.d2 + 614.d1.d2 = 0 ( 6 ) bi3 = 2 A5 , 10 ( -245 , / E2 + As , E. ( 1 – cos ( QE2 $ 1 " ) 
b21 + b22.d? + b23.d2 + b24.d1.d2 = 0 b14 = 4 4571E / ( 1 – cos ( QE29? ) ) – 445 / 1E2 ( 1 – cos ( @ Eqs? ) ) 

bu = A? , IE2 
b12 = –2A51 / E2 
b13 = 245,1E2 

20 

and 

25 b21 = -4ŠIEL 
b22 = –2452 / E1 
b23 = 29521E1 das? 

30 

CE , S2 

35 

40 

and 

b21 = -AS , EL ( 9.2 ) 
In the case of the second configuration of FIG . 3 , the 

preceding expression ( 5.1 ) is still valid , but not expression 
( 5.2 ) , since expression ( 4.4 ) is meaningless . However , one 
may note that expression ( 4.2 ) is then that of d2 , which 
makes it possible to write : 

45 
b22 = -2452 / E1 
b23 = 24521E1 
b24 = 2 ( 1 – cos ( QE1 $ 2 ) ) 

ASTEL + 24521E7.01 d2 = S2R = 2452/6 , + 2d1 ( 1 - cos ( QE1 S2 ) ) 50 For the second configuration illustrated in FIG . 4 : 

( 9.1 ) bu = AŠIEZ 
b?2 = -2A51 / E2 55 

Expressions ( 5.1 ) and ( 7 ) then make it possible to find 
system of equations ( 6 ) . 
By symmetry , the second configuration of FIG . 4 arrives 

at the same system of equations ( 6 ) . 
In the case of the first configuration , expressions ( 5.1 ) and 

( 5.2 ) are not valid because expressions ( 4.1 ) and ( 4.4 ) are 
meaningless . However , one may note that expression ( 7 ) is 
applicable and that expression ( 4.3 ) is then that of d ,, which 
makes it possible to write : 

513 = 245 S1 / E2 
614 = -2 ( 1 – cos ( QE291 ) ) 

and 

60 ( 9.4 ) 

b22 = 2 A 
521 = 2 A5,16,45 , / > ( 492 / E1 - 452/6 ) 

Asz ! Ez ( 24521E1 - As2 / E2 ( 1 – cos ( @ £ ] $ 2 ) ) ) 
b23 = 2 A5,18 ; ( - 2457 / E ; +452/6 , ( 1 – cos ( 0E252 ) ) ) 
b24 = 4 A521E / ( 1 – cos ( QE2 $ 2 ) ) – 44521E2 ( 1 - cos ( @E ] $ 2 ) ) 

( 8 ) 43 , 1E7 + + 2451 / E2.d2 di = SiR = 245 // E2 + 2d2 ( 1 – cos ( a £ 2 $ ? ) ) 65 
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For the third configuration illustrated in FIG . 5 : antenna array and processing functions making it possible to 
measure characteristics of the received pulses . 
The characteristics of the pulses measured by the receiv 

bu = 2 As , / e , -4g , E2 ( 451/61 - AS / E ) ( 9.3 ) ing module 12 are for example the direction of arrival of the 
b12 = 2 A5,1E2 ( 245,181 - A5,1E2 ( 1 – cos ( @ Ens? ) ) ) pulses , the carrier frequency of the pulses , the width of the 

pulses , the date of arrival of the pulses , the intentional bi3 = 2 45,16 , ( -245,1E2 +45 / E / ( 1 – cos ( @Ez $ ) ) ) modulation on pulse , or the power of the pulses . 
b14 = 4 A5,1E / ( 1 – cos ( @ Ezs? ) ) – 4A51 / E2 ( 1 – cos ( @ Eqs? ) ) The computer 14 interacts with the receiving module 12 . 

The computer 14 for example comprises a processor , a 
memory and a data processing unit . The data processing unit 

b21 = 2 As2lE ; A52 / E2 ( 4:21 E7 – As lez ) ( 9.4 ) is configured to carry out , in interaction with a computer 
program product , able to be loaded in the data processing 

b22 = 2 45 / E2 ( 2452 / E1 - As E ( 1 - cos ( QE , sz ) ) ) unit , a location method that will be described in more detail 
b23 = 2 A51E , ( -2452 / E2 + 45 / E , ( 1 - cos ( DEz sz ) ) ) in the rest of the description . 

An example of operation of the detector R is now b24 = 4 A521E / ( 1 – cos ( Q E2 $ 2 ) ) – 4452 / E2 ( 1 – cos ( @E ] $ 2 ) ) described in reference to FIG . 7 , which schematically shows 
a flowchart of the implementation of a method for locating 

From the first equation of system ( 6 ) , it is for example sources E1 , ... , E , emitting electromagnetic pulses . 
possible to express , d , as a function of d2 : In the rest of the description , the term " equal ” means 

20 “ equal to within an allowance ” . The selected allowance is 
related to the measuring precisions , the measuring signal 

bui + b13.d2 ( 10 ) to - noise ratio and the frequency of the signals received on 
di = 512 + b14.d2 the detector R. The chosen allowance is for example 15 

percent ( % ) . 
For each source E ; to be located , the determination Expression ( 10 ) introduced into the second equation of method initially comprises a step 100 for reception by the 

system ( 6 ) results in a second - degree equation in d2 , solved detector R of at least one emitted pulse , on the one hand 
by the detector R : received directly , i.e. , along the path going directly from the 

source E ; to the detector R , and on the other hand received 
A : d3 + B dj + C = 0 ( 11 ) 30 in its reflected form , i.e. , after reflection on a reflector Ski 

Where : Only the difference in geometric paths , which causes dif 
A = b , 3.b24 - b14 : 5239 ferent dates of arrival , and the quality of the reflection make 
B = b1b24 - b12b23 + 5 3.622 - b14b21 , and it possible to differentiate the pulse received directly from 
C = b1 b22 - b13b12 the pulse received by reflection when these received pulses 
The solution of equation ( 11 ) is the only positive square come from the same emission . 

root , or : The pulses are received by the detector R during the 
operating duration of the detector R. 

Next , the location method comprises a step 110 for 
-BE V B2 – 4AC ( 12 ) measuring , by the detector R , the direction of arrival 0k , the 

d2 2A 40 date of arrival t1 , ... , ty on the detector R and at least one 
invariant characteristic CTI , of each received pulse . 

In the embodiment illustrated in FIG . 7 , the measuring 
The distance d from the first source to the detector R is step 110 also comprises measuring the power p of each 

calculated by the detector R from expression ( 10 ) and the received pulse . 
value of d2 previously found . The invariant characteristics CTI , of each pulse comprise Relationships ( 4.2 ) and ( 4.3 ) make it possible to calculate at least one of the features from among : the width of the 
the distances from each reflector to the detector S , R and SR pulse , the carrier frequency of the pulse and the intentional 
for measured values of Asy / E ; and from calculated intra - pulse modulation . 
values of d , and dz . The location method comprises a step 120 for dividing the 

Thus , the sources E , and E , and the reflectors S , and S2 50 operating duration into time brackets At ; with a same dura 
have indeed been located in polar coordinates , respectively tion . The method also comprises defining a sliding duration 
( d , 0 , ) , ( 2 , E ) , ( S , R , 0s , ) and ( S2R , Os ) . AT at least equal to the duration of a time bracket At ;. 
The detector R for locating sources E ; emitting electro- The duration of each time bracket At ; is related to the 

magnetic pulses , working on the principle previously maximum illumination duration at 3 dB of the readers . For 
described , is functionally illustrated by FIG . 6 . example , the duration of each time bracket is comprised 

The detector R is a radar detector . between 10 milliseconds ( ms ) and 100 ms . 
The detector R is quasi - static relative to the sources E ; to The location method advantageously comprises , for each 

be located , i.e. , the detector R has , at most , a relatively low time bracket Ati , a step 130 for sorting pulses received 
speed relative to the sources E ; to be located , such that the during the time bracket At ;, based on the direction of arrival 
geometric evolutions , relative to the bistatic triangles E , RS1 , 60 Ox and at least one invariant characteristic CTI , chosen from 
E_RS2 , E , RS , and E , RS , are inferior enough to the desired among the measured invariant characteristic ( s ) of each precision not to affect it . pulse . At the end of the sorting step 130 , sub - series of pulses 

The detector R comprises a receiving module 12 and a 
computer 14 . { I ( CTI ;, p , Ok , t , .. 

The receiving module 12 comprises an array of goniom- 65 
etry antennas forming a single detector considered to be 
periodic , a set of reception chains associated with the are obtained . 

35 

45 

and dE ; Se 
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The pulses of each sub - series The first threshold is for example chosen based on the 
radiated power of the sources E ;. The radiated power of a 
source ( abbreviated EIRP ) is the product of the power 

{ I ( CTI ) , P , Ok , t , ... ) } ! injected in the antenna ( s ) of the source by the gain of said 
antenna ( s ) of the source . 
When the determined maximum power for the considered have equal directions of arrival 0 % , equal invariant charac set 

teristics CTI , and belong to the same time bracket At? . As a 
result , each sub - series is characterized by a time bracket Ati , 
a direction of arrival @k and at least one invariant charac 
teristic CTI ; { { s ( CTljy , P , Ok , 1 , ... ) --- ) ) ay , { CTIjx » P , Olky . ' ( CTl ... The method comprises a step 140 for identification , 
among the received pulses , of the pulses received directly 
and the pulses received by reflection . is strictly less than a second threshold , the pulses of the In the embodiment of FIG . 7 , the identification step 140 
comprises a phase for creating sets 15 sub - series of the set are identified as received by reflection . 

The sub - series of the corresponding set are then called 
reflected sub - series and denoted { I ( CTI , P , 0ks t , . . . ) } at , vs . 
The second threshold is less than or equal to the first , { I ( CTIjx , p . © ky , t , threshold . The second threshold is for example chosen based 
on the radiated power of the sources E , and equivalent radar 
surfaces of the reflectors Sk . 

of sub - series . The sub - series of each set The method further comprises a step 150 for grouping by 
pair of direct sub - series 

AT 

{ { ( CIljo po @kyo 1 , ... , Bare on z1 20 

25 { ( Ctlje . Po @k , ... ) fl ( CTljx , Q ,, 1 , . mob ... AT { I ( CTI ) , p.8 , I , ... ) ) . 

30 
are taken over a same sliding duration AT , have equal 
directions of arrival 0k and equal invariant characteristics 
CTI ; . 
The identification step 140 also comprises , for each set 

with reflect sub - series having the same invariant character 
istics 

{ / ( CTI ;, p.0 , , ... ) 
35 { { { Cilje p , & » Po Ok ,, 1.a , fi ( CTlj , , Q8,1 ... AT 

and different directions of arrival CTI ;. 
The grouping step 150 comprises a phase for forming , 

from previously formed sets of sub - series , a phase for determining the maximum power 
from among the powers of the pulses of the considered set . 

The identification step 140 further comprises , for each set 40 

{ { ( CTIjo p @k , . ... ) , ' { I ( CTlix » P , Okysl , .blog 
{ { ! ( CI1 P , Q , ... ) , • , kyoto ... ) , { I ( CTIjx ; p . © ky , f , ... ... 

45 extended sets of same invariant characteristics CTI ; and 
different directions of arrival Ok , comprising at least one 
emitter and one reflector , or these extended sets : a phase for identifying pulses received directly and pulses 

received by reflection . 
The identification step 140 is for example carried out by 

comparing the determined maximum power relative to two 50 
thresholds . 

In this case , when the determined maximum power for the 
considered set 

{ { { Cilj p , Okylit , .. . ) atv » » { ! ( CTlje , P , Øk , , Dalai AT 

55 ( P , Øky » 1 , ... ) acry { 1 ( CTljx » p , Okyy ! ... . ) ALADE ) og { l ( CIlj , P. Ok , 2 , 1 .. ) . { 1 ( CTIjx > P , Ok , 2017 ... ) 4.2 " S AT 
AT 

is greater than or equal to a first threshold , the pulses of the 
sub - series of the set are identified as received directly . The 
sub - series of the corresponding set are then called direct 
sub - series and denoted 

The grouping step 150 also comprises a phase for group 
ing , by pairs , direct sub - series with reflected sub - series . The 

60 pulses of each pair have the same invariant characteristics 
CTI ,, different directions of arrival , and belong to a same 
time bracket Ati : 

The grouping step 150 also comprises a step for gathering 
pairs of each extended set to form groups of two pairs , three 

65 pairs or four different pairs . The number of pairs per group 
is equal to the number of different directions of arrival of the 
pulses of the corresponding extended set . 

{ I ( CTI ) , P , 05 , t , ... ) ) ALE 
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Each group groups together the pulses corresponding to result , groups of four different pairs of sub - series are formed . 
one of the four geometric configurations of FIGS . 2 to 5 . Each group of four pairs comprises : 

In particular , for the first configuration corresponding to a first pair of sub - series 
FIG . 2 , the pulses come from two different directions of 
arrival ; as a result , groups of two different pairs of sub - series 5 

{ r ( CTljy , Ok , 1 , 6 , ... ) are formed . Each group of two pairs comprises : U { I ( CTI ; 4 • © 2,3,1 , ... ) , si 
a first pair of sub - series 

the pulses of which have invariant characteristics equal to a 
{ ( CTI ; x1 , @kyl U { ICTIjx , ky2 , 1 , 2001 , ... ) 10 first invariant characteristic ( CTI ) and which have direc tions of arrival respectively equal to a first and second 

direction of arrival ( @ky . Ok , ) , different from one another , a second pair of sub - series the pulses of which have invariant characteristics equal to a 
first invariant characteristic ( CTI ) , ) and different directions 
of arrival ( and kyl ? { r ( CT ! jl » @ k , 10 6 ... ) , Wfl CTIlja • Oxy0 , 6 , ... ) 2015 a second pair of sub - series 

1 . 

DILLA darly , E 

15 

25 1,2 ) . 
A113 

Atlzl 

.... . ) s 

the pulses of which have invariant characteristics equal to 
{ 1 ( CT ) ; 2 , Ok , 1 » 6 ... ) Aus U { / ( CTIj2 ; Oxy2 , 1 ... ) " 20 the first invariant characteristic ( CTI ) and directions of arrival respectively equal to the first and a third direction of 

arrival ( @ky ) , the third direction of arrival being 
the pulses of which have invariant cha erist equal to different from the first and second directions of arrival , 

a second invariant characteristic ( CTI ; 2 ) and have the a third pair of sub - series 
same different directions of arrival ( OK Ok , 1 ? For the second configuration corresponding to FIGS . 3 { I ( CT1 j2 , Ok , 2,1 , ... ) A and 4 , the pulses come from three different directions of u { { CTIj2 , , 6 , ... ) Atlas 

arrival ; consequently , groups of three different pairs of 
sub - series are formed . Each group of three pairs comprises : 

a first pair of sub - series 30 the pulses of which have invariant characteristics equal to a 
second invariant characteristic ( CTI ; 2 ) different from the 
first invariant characteristic and directions of arrival respec 
tively equal to the third and a fourth direction of arrival ( Ok , { 1 { CTI : kyl , , ... } } U { I ( CTI ) , 1 • © : , 301 , ... ) Okxz ) , the fourth direction of arrival being different from the 

35 first , second and third directions of arrival , and 
a fourth pair of sub - series 

the pulses of which have invariant characteristics equal to 
a first invariant characteristic ( CTI ) ; 1 ) and which have 
directions of arrival respectively equal to a first and { ICTI ;; 2 , Okyayi , 1. ) . U { I ( CT1 ; 2 , lk , ky4 t , 
second direction of arrival ( @kyv > different from 40 
one another , 

a second pair of sub - series the pulses of which have invariant characteristics equal to 
the second invariant characteristic ( CTI ; ,, ) and directions of 
arrival respectively equal to the third and fourth directions of 

{ f ( CT1 jt » @ k , 131 , ... ) ALE U { I ( CTI 2 • Ok 32 , 1 ... ) a 4,5 ° 45 arrival ( Ok ,,, Oku ) . 
The method also comprises a step 160 for calculating , for 

each pair of sub - series , the difference between the date of 
arrival of the pulses received by reflection relative to the date the pulses of which have invariant characteristics equal to of arrival of the pulses received directly . Such differences in 

the first invariant characteristic ( CTI ; ) and directions dates of arrival result from differences in geometric paths 
of arrival respectively equal to the first and a third between the received direct pulses and the received reflected 
direction of arrival ( @ kyº @ky ) , the third direction of pulses derived from the same emitted pulses . 
arrival being different from the first and second direc- The method further comprises a step 170 for determining 
tions of arrival , and the distance d ; of each source from E ; the detector R from 

a third pair of sub - series calculated differences in dates of arrival of the pulses of each 
pair . 

The determination step 170 comprises a phase calculating 
a histogram , for each pair , from differences in dates of { l ( CT1 j22 Oky2 , 6 , ... ) U { I ( CTIj2 ; Oky3.9 I , ... ) arrival calculated for said pair and determining a main lag 
Ts , E , from the pulses received by reflection relative to the pulsés received directly from the calculated histogram . the pulses of which have invariant characteristics equal to a is allocated to its pair second invariant characteristic ( CTI ) different from the first invariant characteristic and directions of arrival respec 

tively equal to the second and third directions of arrival { t ( clljx , Oky , t ... ) , U { I ( CTljy , Oky , ... ) . Sº ( OR ) . 
For the third configuration corresponding to FIG . 5 , the 

pulses come from four different directions of arrival ; as a 

50 

55 

... ) slegs 
60 

Each main lag TSIE , 

65 
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TSJE , 
direction of arrival d Eylsyte 

the bistatic distance As , Ey2 
direction of arrival d Ey2Sy1 

LOT Sy4 Ey2 

direction of arrival d Eyl - Sy3 
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which can then be symbolically denoted as follows : the bistatic distance Asy / E , 2 CT 5,3 / E92 and the difference in 
( CTI ) , Ok , Ok . ,, At? . Tse , ) . direction of arrival E , 28,3 -0.6,2–0 ky3 

Preferably , the determination step 170 also comprises a These expressions of bistatic distances and differences in 
phase for comparing values of each determined main lag direction of arrival are used to obtain the coefficients of 
TSJE , relative to a range of reference values . The range of 5 equation system ( 6 ) given by expressions ( 9.2 ) and ( 9.3 ) , or : 
reference values is for example chosen based on geometric 
considerations , related to the the directions of arrival and 
plausible distance hypotheses in the ranges of interest . The ( 133 ) bu = 245,3 / Eyl 48,3 / E92 ( Asyz ! Eyl - 45,3 / Eyz ) 
range of reference values for example extends , broadly b12 = 245y3 / 592 ( 245y3 / Eyi - 45,3 / Eyz ( 1 – cos ( aE , 15,3 ) ) speaking , between 1 microsecond ( us ) and 100 us . 

Advantageously , the second phase also comprises com b13 = 245y3 / Eyl ( -2453 / Ey2 + A53 / Eyl ( 1 - cos ( & Ey25y3 ) ) 
paring the number of occurrences relative to each deter- b14 = 445 Sy3 / Eyl ,, ( 1 – cos ( OE , 25y3 ) ) – 445,3 / Eyg ( 1 - coside , 1 sy3 . ) ) 
mined main lag tse , relative to a reference threshold . The 
reference threshold is for example chosen based on a per 
centage of the number of direct pulses received for each pair . 

During the second phase , the main lags Ts , IE , whose -A2 ( 132 ) values are not comprised in the reference value range and for 
which the number of occurrences is strictly below the 
reference threshold , are eliminated . 

The second phase therefore makes it possible to eliminate 
aberrant values when the obtained main lag ts / Ey is outside b24 = 2 ( 1 - cos ( @ Ey15y2 ) ) 
the plausible value range and isolated and insignificant 
values when the number of occurrences is below the refer For the second configuration of FIG . 4 , the three pairs ence threshold . 

Then , the determining step 170 comprises a phase for ( CTI ,, © xyl , @kg , At ,, TE , ) , ( CTI , 2 , © * , 27 © * , ) , At ,, Ts E , ! and ( CTA , 15wE , ) of each group make it calculating the distance d ; of each source E ; from the detector possible to obtain : R , for each configuration , from calculated main lags to the bistatic distance Asyal Ey . CT5 , Eyl , and the difference in and directions of arrival of the pulses of each pair . 
To that end , the resolution of the system of equations ( 5.1 ) = 0k , 1-0 % Ok , 4 

and the difference in and ( 5.2 ) is done . -02 and In particular , for the first configuration of FIG . 2 , the two the atic distance AS and the difference in pairs ( CTI ,,,, kyk , At ,, Ts , E , ) and ( CTI ) , ku kj direction of arrival = 0k , -20 , Aty , Tyl / E , 2 ) of each group make it possible to obtain , on the These expressions of bistatic distances and differences in one hand , the bistatic distance As . and the dif Sy2 / Eyl direction of arrival are used to obtain the coefficients of ference in direction of arrival CE , 15,2 -0 % , and , on the " ky2 equation system ( 6 ) given by expressions ( 9.1 ) and ( 9.3 ) , or : other hand , the bistatic distance Asyl / E92 ECT syl / E92 and the 
difference in direction of arrival AE , Sy , Oky2 = 0 % 

These expressions of bistatic distances and differences in 42 ( 13.I 
direction of arrival are used to obtain the coefficients of Syl / Ey2 
equation system ( 6 ) given by expressions ( 9.1 ) and ( 9.2 ) , or : 

bu = AŽy Ey2 ( 13.1 ) 614 = -2 ( 1 - cos ( @ E , 25 ) 
bi2 = -2Asyl / Ey2 
b13 = 245 SyllEy2 b21 = 2Asyf / Eyl Asy4 / 5y2 ( Asyl Eyi – Asyl Ey2 ) ( 134 
514 = -21 - coslawy2y ) b22 = 245y4 ! Ey2 ( 245,4 ! Eyi - Asy4lEy2 ( 1 – cos ( & Eyl 5,4 ) ) ) 

b23 = 245g / E ,, ( - 245,4 / 5y2 + Asylbyl ( 1 – cos ( @ £ , 2 5,0 ) ) ) 
621 -43 ( 13.2 ) Sy2 / Eyl b24 = 445y / by ( 1 – cos ( QEy25y ) - 445,4 / Ey ? ( 1 – cos ( aEyl 8,4 ) 
b22 = -245 , Sy2lEyl 
b23 = 245 For the third configuration of FIG . 5 , the four pairs ( CTI ) , Sy2lEy1 
b24 = 2 ( 1 - cos ( @ Ey1 $ y2 ) kup , At ,, Ts.E , ) , ( CTI , Ok , At ,, TE ,, ) , ( CTI , 2 10 , A1 , ts Ey ) and ( CTIOXA ,, 45 / E , ) of each group make it possible to obtain : 

For the second configuration of FIG . 3 , the three pairs 60 CT Sy3 / Ey1 and the difference in 
( CTI ;, ®ky , © 1,29 At ,, Ts ,, E , ) , ( CTI , ; ,,, x ,, ,, Aty , TSJE , -02 ky3 ? 
and ( CTI ; the bistatic distance As , Eyii and the difference in jx2 ky ?? At? , T5,3 / E32 ) of each group make it ky3 ' Sy4 Eyl 
possible to obtain : 

and the difference in the bistatic distance As , 2 Ey1 and the difference in 
direction of arrival and 

the bistatic distance As . and the difference in the bistatic distance As . and the difference in 
direction of arrival @ E , 15,3 -02 and direction of arrival & Ey2SA 

30 

CTS , JE hy Okyl ? 
Sy4 / Ey2 
C E32 Sy4 

35 
CT Sy2 / Eyi 
Okyi 

40 bu = 
b12 = -2Asyl ! Ey2 
b13 = 2 syl ! Ey2 

45 

And 

50 

and 

55 

the bistatic distance As , / Eyl 
- kys 
ECTS 
? Oki the bistatic distance As , Eyi ECTS , E -01 Oky 65 K32 ' dEy2 % y3 

ECTSER 
ky3 ' 

SjzlEy1 = cTs y3 \ wy ] Sut / E92 O kiyi 192 LOKA Ky3 ' 
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These expressions of bistatic distances and differences in The invention claimed is : 
direction of arrival are used to obtain the coefficients of 1. A method for locating at least two sources emitting 
equation system ( 6 ) given by expressions ( 9.3 ) and ( 9.4 ) , or : electromagnetic pulses in an environment , the environment 

comprising at least two reflectors , the method comprising : 
receiving , by a detector , for each source to be located , for 

b1 = 245y3 / Eyi 4693 / 8,2 ( 4593 ! Ey1 – 4533 / E92 ) ( 13.3 ) an operating duration of the detector , at least one same 
612 = 245,3 / 5x2 ( 245,5 / 6,1 - Asyg / Eye ( 1 - coslawy15y3 ] ) ) emitted pulse , received on the one hand directly from 

said source and received on the other hand by reflection b13 = 24592 / E1 ( -24syg / E32 + Asyz / E ,, ( 1 - cos ( QEy25y3 ) ) on one of the reflectors ; 
614 = 44543 / E , ( 1 – cos ( CE , 2533 ) – 445,9 / 5,261 – cos ( & E , 1533 ) measuring , by the detector , a direction of arrival , a date of 

arrival and at least one invariant characteristic of each 
received pulse ; 

identifying , among the received pulses , the pulses 
received directly and the pulses received by reflection ; B21 = 245 / Ey ? Asya / 672 ( 4594 / Eyi - A5,4 / 5x2 ) grouping by pairs of pulses received directly with pulses 

b22 = 245y // Ey2 ( 2454 / Eyi - 45,4 / 5,2 ( 1 - cosla Eyl sy ) ) ) received by reflection , the pulses of each pair having 
the same invariant characteristics and different direc ( Asyq / Ey2 + AsyEy ( 1 - cos ( @ Ey254 ) tions of arrival ; 

b24 = 445 ( 1 - cos ( QE 125y4 ) – 445,4 / E2 ( 1 - cos ( QE , 15,4 ) ) calculating , for each pair , a difference between the date of 
arrival of the pulse received by reflection relative to the 
date of arrival of the pulse received directly ; and 

The distance dy2 from the second source E2 to the detector determining a distance of each source from the detector 
R is given by expression ( 12 ) , the coefficients of which are from calculated differences in dates of arrival and from 
those of expressions ( 11.2 ) , ( 11.3 ) and ( 11.4 ) , corresponding 25 the directions of arrival of the pulses of each pair . 
to the values of the bij previously obtained ( 13.1 ) , ( 13.2 ) , 2. The method according to claim 1 , wherein the method 
( 13.3 ) or ( 13.4 ) depending on the configurations . duration is comprised of time brackets with identical dura 
The distance dyi from the first source E , to the detector R tions , the method comprising defining a sliding duration at 

is given by expression ( 10 ) . least equal to duration of a time bracket , said identification 
30 and said grouping being carried out over the sliding dura 

The distance RSy from the first reflector Sys to the tion , the pulses of each pair belonging to a same time detector R is given by expression ( 3 ) ; one therefore obtains : bracket . 
3. The method according to claim 2 , further comprising , 

for each time bracket , sorting the received pulses based on 
/ + / Ey2.dy2 ( 14 ) 35 the direction of arrival and on the invariant characteristics of 

245 , each pulse to obtain sub - series of pulses , the pulses of each " Sy3 / Ey2 + 2dy2 ( 1 – cos ( @ Ey28y3 ] sub - series having equal directions of arrival and equal 
invariant characteristics , the pulses of each sub - series being 

The distance RSy4 from the second reflector S24 to the grouped together in a same pair during said grouping . 
detector R is given by expression ( 3 ) ; one therefore obtains : 4. The method according to claim 3 , wherein said mea 

suring comprises determining , on the successive sub - series 
of each sliding duration , of a maximum power from among 

( 15 ) the powers of the pulses of the sub - series having equal 
directions of arrival , equal invariant characteristics and 

Sy4 / Ey2 + 2dy2 ( 1 – cos ( @ Ey25y4 ) ) 45 belonging to a same sliding duration , the pulses received 
directly and the pulses received by reflection being identi 
fied , for each sub - series of pulses , by comparing the maxi 

The described method therefore makes it possible to mum power determined for the sub - series to at least two 
locate sources E1 , ... , E , from a single quasi - static detector thresholds . 
relative to the sources to be located . Such a method also 50 5. The method according to claim 4 , wherein the pulses of 
allows the localization of reflectors located in the environ- the sub - series associated with the maximum power are 
ment of the sources to be located . identified as received directly when the maximum power is 

More specifically , such a method makes it possible to greater than or equal to a first threshold and the pulses of the 
locate two sources in an environment comprising at least sub - series associated with the maximum power are identi 
said sources and two reflectors irrespective of the configu- 55 fied as received by reflection when the maximum power is 
ration of the sources and reflectors on the sole condition that strictly below a second threshold , the second threshold being 
the reflectors are not co - located relative to one another and less than or equal to the first threshold . 
the sources are not co - located relative to one another . 6. The method according to claim 1 , wherein said deter 

mining the distance comprises gathering pairs over prede 
The method proposes to solve a single system of equa- 60 termined durations to form groups of two pairs , three pairs tions for all possible configurations with coefficients specific or four pairs , the number of pairs per group being equal to to each of said configurations . the number of different directions of arrival corresponding to 
The location of the sources is based solely on measure- the pulses received over a predetermined duration , the 

ments of directions of arrival and dates of arrival of the radar distance from each source to the detector being determined 
pulses coming directly from emitters and indirectly from the 65 from differences in dates of arrival calculated for the pairs of 
latter via reflections on reflective physical objects of the each group and from the directions of arrival of the pulses 
environment . of the pairs of each group , 

RSy3 
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each group of two pairs comprising : for each group of three pairs of pulses , from the following 
a first pair of pulses of invariant characteristics equal to equations : 

a first invariant characteristic , of different directions 
of arrival ; and Aš , 1E1 + 245 , / € .di Aš , / E2 + 245 , / Ez.dz a second pair of pulses of invariant characteristics equal + 2d1 ( 1 – cos ( @ £ j $ ) ) 245 , 1E2 + 2d2 ( 1 – cos ( QE2 $ ? ) ) to a second invariant characteristic and with same 
different directions of arrival ; + 245 / 6.d1 

+ 2d1 ( 1 – cos ( a E1S2 ) ) each group of three pairs comprising : 
a first pair of pulses of invariant characteristics equal to 

a first invariant characteristic , with directions of 
arrival respectively equal to a first and second direc 
tion of arrival different from one another ; + 2d2 ( 1 – cos ( Q E251 ) ) 

a second pair of pulses of invariant characteristics equal 15 43 , / +2452/6 , 41 A $ / E2 + 245 / E7.22 
to the first invariant characteristic , with directions of 2452/61 +241 ( 1 - cos ( QE ) $ 2 ) ) 245 , / E2 +222 ( 1 - cos ( QE2 $ 2 ) ) arrival respectively equal to the first and a third 
direction of arrival , the third direction of arrival 
being different from the first and second directions of for each group of four pairs of pulses , from the following 
arrival ; and equations : 

a third pair of pulses of invariant characteristics equal 
to a second invariant characteristic different from the 43,1E1 + 2A5 , 10 , .21 Aš , 1E2 + 245,18.dz first invariant characteristic , with directions of 
arrival respectively equal to the second and third 25 24511E1 + 2d? ( 1 – cos ( QE ] $ i ) ) 245 / 1E2 + 2d2 ( 1 – cos ( @ E2 $ i ) ) 
directions of arrival ; and A $ 2lE ; + 2452 / E , .d1 45 , / E , + 245 / 62.22 

each group of four pairs comprising : 2457 / E1 + 2d : ( 1 - cos ( @ En52 ) 245 / E2 + 2d2 ( 1 - cos ( 0E252 ) ) 
a first pair of pulses of invariant characteristics equal to 

a first invariant characteristic , with directions of where 
arrival respectively equal to a first and second direc As / E1 = CTS1 / E1,497 / E2 = CTS ) / E2491 / E2 = C?TS / E245 / 
tion of arrival different from one another ; Ei = CTS7 / E1 

a second pair of pulses of invariant characteristics equal d , is the distance from the first source E , to the detector , 
to the first invariant characteristic , with directions of d , is the distance from the second source E2 to the detector , 
arrival respectively equal to the first and a third 35 c is the propagation speed of the electromagnetic waves , 
direction of arrival , the third direction of arrival is the difference in date of arrival among the pulses Tse 

received by reflection on a first reflector relative to the pulses being different from the first and second directions of received directly from the first source , arrival ; Ts / E2 is the difference in date of arrival among the pulses 
a third pair of pulses of invariant characteristics equal received by reflection on a second reflector relative to the 

to a second invariant characteristic different from the pulses received directly from the second source , 
first invariant characteristic , with directions of is the difference in date of arrival among the pulses 

received by reflection on the first reflector relative to the arrival respectively equal to the third and fourth pulses received directly from the second source , direction of arrival , the fourth direction of arrival 
being different from the first , second and third direc- 45 received by reflection on the second reflector relative to the 

is the difference in date of arrival among the pulses Ts / Ej 
tions of arrival ; and pulses received directly from the first source , 

a fourth pair of pulses of invariant characteristics equal dez / s , is the angular deviation between the second source and 
to the second invariant characteristic , with directions the second reflector seen from the detector , 

is the angular deviation between the first source and of arrival respectively equal to the third and fourth 50 the first reflector seen from the detector , directions of arrival . 
dEzSi is the angular deviation between the second source and 7. The method according to claim 6 , wherein each group the first reflector seen from the detector , and 

makes it possible to determine the respective distances of del / s is the angular deviation between the second source and 
two of the sources to be located from the detector , said the first reflector seen from the detector . 
distances being calculated : 8. The method according to claim 7 , wherein said deter 

for each group of two pairs of pulses , from the following mining the distance comprises calculating a histogram , for 
equations : each pair , from differences in dates of arrival calculated for 

the pair and determining a main lag of the pulses received by 
reflection relative to the pulses received directly from the 

60 calculated histogram , the differences in date of arrival of the Aš , 1E2 + 245 , / € 2.42 equations of claim 7 respectively being equal to one of the 
245 , S1 / E2 + 2d2 ( 1 – cos ( QE291 ) determined main lags . 

Ažule , + 24571E1 .di 9. The method according to claim 8 , wherein the invariant 
+ 2d1 ( 1 – cos ( CE192 ) ) characteristics of each pulse comprise at least one of the S2 / E1 65 features from among : a width of the pulse , a carrier fre 

quency of the pulse , and an intentional intra - pulse modula 
tion . 

40 

TSJE ? 

dE / 

55 

di 

d2 2052 
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10. A detector for locating at least two electromagnetic 

pulse emission sources in an environment , the environment 
comprising at least two reflectors , the detector being able to 
carry out the method according to claim 1 . 
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